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ECONOMIC CONSIDERATION AND ENERGY POTENTIAL OF AGRICULTURAL WASTES 

Frederick T .  Varani 
John J .  Burford, Jr. 

Bio-Gas of Colorado, I n c . ,  5620 Kendall C t . ,  Arvada, Colo. 80002 

Introduct ion 

Bio-Gas of Colorado has been doing business as a company f o r  
two years deal ing with treatment and reuse of a g r i c u l t u r e  waste or-  
ganic mater ia l s .  

W e  believe a commercially v i a b l e  energy from the  a g r i c u l t u r a l  
waste conversion indus t ry  p o t e n t i a l l y  e x i s t s .  This paper attempts 
t o  i l l u s t r a t e  t h i s  statement.  

Our research and s t u d i e s  have been conducted i n  Colorado, 
Arizona, Utah and New Mexico i n  conjunction with gran ts  from the  
4-Corners Regional C m i s s i o n .  
been accumulated from p i l o t  p l a n t  operat ions and s t u d i e s  a t  the 
Monfort of Colorado Inc.  beef f e e d l o t s .  However, t h e  information 
presented i n  t h i s  paper d e a l s  with Colorado exclusively.  

Much of our design information has 

Background 

Agriculture waste m a t e r i a l  such as  steer manure has an energy 
value which ranges from 3000-8000 BTU per  pound of s o l i d  mater ia l .  
This mater ia l  cur ren t ly  i s  being used, almost exclusively,  i n  i t s  
t r a d i t i o n a l  manner as an addi t ion  t o  a g r i c u l t u r a l  croplands.  
processes,  wel l  known and reported,  are ava i lab le  t o  convert  t h i s  
manure i n t o  a form of energy product such as o i l  o r  gas.  

Various 

The most of ten reported processes a re :  
1 . )  d i r e c t  combustion 
2.) pyroly t ic  conversion 
3 . )  anaerobic d iges t ion  

Our s tud ies  have been exc lus ive ly  concerned with the process 
of anaerobic d iges t ion  f o r  reasons which w i l l  be discussed l a t e r .  

Def in i t ion  

F i r s t ,  w e ' l l  d iscuss  what w e  consider would be a g r i c u l t u r a l  

1,) Residue from animal husbandry operat ions 
2.) Food processing wastes 
3 , )  Crop residue l e f t  i n  t h e  f i e l d s  ( o r  co l lec ted)  

These mater ia l s  a re  a l l  generated i n  l a r g e  q u a n t i t i e s .  Items 

I t e m  three  i s  n e i t h e r  gener- 

wastes of  an energy producing nature .  S p e c i f i c a l l y  w e  have defined 
a g r i c u l t u r e  wastes as: 

one and two a r e  i n  a reasonably cent ra l ized  o r  co l lec ted  form and 
a r e  generated on a continuous bas is .  
a ted  continuously o r  normally co l lec ted .  
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I n  Colorado, crop res idues  a r e  not removed from the f i e l d s  and 
most a g r i c u l t u r e  state agents s t rongly  recommend leaving t h i s  mater ia l  
on the f i e l d s  f o r  e ros ion  cont ro l  i n  t h e  windy cl imate .  

Amounts 

Anderson(1) es t imates  194.5 m i l l i o n  tons of moisture and ash 
f r e e  organic m a t e r i a l  from animal husbandry operat ions a r e  generated 
year ly  i n  the-J. S .  

m a t e r i a l  ( v o l a t i l e  s o l i d s )  are c o l l e c t a b l e  from 1 7  a reas  of concen- 
t r a t e d  l ives tock  feeding i n  Colorado. The maximum dis tance  consid- 
e red  f o r  t ranspor t ing  manure w a s  15 miles .  This information was 
generated during the  summer o f  1975 and represents  approximately 52% 
u t i l i z a t i o n  o f  t h e  s t a t e  f e e d l o t  capaci ty .  

I n  Colorado, 8 areas  o r  p o t e n t i a l  s i t e s  have been located i n  
which t h e  quant i ty  of manure generated i s  la rge  enough t o  j u s t i f y  
a u t i l i t y  s i z e  methane f a c i l i t y .  

Burford (2) es t imates  t h a t  1,065,500 tons p e r  year  of dry organic 

Available Enerpy 

Before going i n t o  the amount of "deliverable" product such 
manure could generate ,  a discussion of t h e  conversion process and 
the s t a t e  of the "delivered" feedstock is i n  order .  

Manure, as del ivered ,  from an open d i r t  feed lo t  (found i n  
Colorado o r  i n  the southwest i n  general)  would be extremely var iab le  
i n  a) moisure content ,  b) d i r t  o r  g r i t  r a t i o  and c)  ex ten t  of decom- 
pos i t ion  caused by exposure during the confinement period. Figure 1 
shows decomposition and organic carbon l o s s  i n  a t y p i c a l  manure 
sample versus exposure t i m e .  Figure 2 shows a t y p i c a l  s t e e r  manure 
as received p e r  t an  breakdown. 

As mentioned earlier,  our work has been exclusively devoted 
t o  the u t i l i z a t i o n  of anaerobic d iges t ion  t o  process the manure. 
Manure as a "fuel" must be processed before  d i r e c t  combustion or 
p y r o l y t i c  decomposition could be p r a c t i c a l .  Anaerobic d iges t ion  
however, would be less af fec ted  by moisture content ,  being a pro- 
cess  whereby d i l u t i o n  with water is  accomplished before u t i l i z a t i o n .  
Di lu t ion  allows the  g r i t  t o  be removed by s i m p l e  sedimentation. The 
energy loss  is l e s s  due t o  the  water content than i n  other  mentioned 
processes .  

as the only v i a b l e  process f o r  u t i l i z i n g  the  energy value of the 
manure is  t h a t  the process allows t h e  n u t r i e n t  and humus values of  
t h e  manure t o  be ava i lab le  t o  the  farm community. 
destroyed n u t r i e n t  and humus value of manure would be found i n  
much disfavor  by t h e  a g r i c u l t u r e  community. 

decompose (ferment) the  organic f r a c t i o n  of the  waste mater ia l .  

However, the  main reason t h a t  d iges t ion  i s  viewed by the authors 

Any process which 

Anaerobic d iges t ion  i s  a process which u t i l i z e s  b a c t e r i a  t o  
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The b a c t e r i a l  ac t ion  i s  a complex process and a discussion of bac- 
t e r i a  fermentation i s  n e i t h e r  t h e  i n t e n t  of this paper o r  p r a c t i c a l  
i n  the  t i m e  allowed, however, f o r  those i n t e r e s t e d ,  a bibliography 
of exce l len t  sources f o r  t h i s  d i scuss ion  i s  included i n  the  r e f e r -  
ence sec t ion  of t h i s  repor t .  (3 ,  4 ,  5 ,  6) 

b a c t e r i a l  decomposition of organic  m a t e r i a l .  
Basical ly  the following i t e m s  a r e  of importance i n  t h e  e f f i c i e n t  

1 . )  

2.) 

3. )  

4 . )  

5.) 

Oxygen f r e e  environment - Those b a c t e r i a  known a s  methan- 
ogenic b a c t e r i a  a r e  s t r i c t  anaerobes and cease funct ioning 
i n  the  presence of  oxygen. T h i s  requi res  sealed tankage. 

Pro e r  d i  e s t i o n  time- The b a c t e r i a  functign a t  a r a t e  
proFortioEa t o  temperature bgtween 60-110 F (15.56-43.33OC) 
Mesophilic :ange, and 120-150 F (48.89-65.56OC) Thermo- 
p h i l i c  range. - 

diges tor  tank volume) must be provided t o  allow t h e  
methanogenic b a c t e r i a  t o  properly process the  organic 
mater ia l .  
Mesophilic temperature of 98'F, and 4.75 f t  
i s  generated f o r  every pound of organic mat ter  introduced 
i n t o  the system. 

Temperature uniformity - Although d iges t ion  w i l l  proceed 
a t  any of t h e  te3peratures  mentioned, temperature changes 
grea te r  than + 2 F i n  an): 24 hour period a r e  enough t o  
cause "temperature shock , a phenomena whereby the b a c t e r i a  
become r e l a t i v e l y  dormant and gas production ceases .  
requires  a temperature c o n t r o l  system and i n s u l a t i o n  of 
the  d iges t ion  vesse l .  

Nut r i t iona l ly  balanced feedstock - The b a c t e r i a  requi re  
'basical ly ,  organic carbon ( l i g n i n  o r  non-organic forms 
of carbon w i l l  n o t  d i g e s t ) ,  n i t rogen,  phosphorous and 
t r a c e  elements. Manure has enough of a l l  the  n u t r i e n t s  
required.  Increases  i n  organic carbon alone could be 
t o l e r a t e d  with a r e s u l t i n g  increase i n  gas production. 

A t  any given temperature enough time (minimum 

A minimum time of 10 days i s  reqyired a t  the  
of methane 

T h i s  

Absence of tox ic  elements - Heavy metals  and i o n i c  
mater ia l  of high concentrat ion can cause b a c t e r i a  t o  
cease functioning. 

When the proper condi t ions a r e  provided, the b a c t e r i a l  a c t i o n  
can take place and the process of degradation or fermentation can 
take place.  

The gas re leased from the  process i s  known a s  bio-gas and 
roughly cons is t s  of 50%-70% CH4, 30% C02  and a t r a c e  of H2S by 
vo lune. 

Our p i l o t  p lan t  cons is ten t ly  produced a gas-of  5 % CH4 by 
volume (at  Denver a l t i t u d e )  and v e r i f i e d  t h a t  4.75 f t 3  of C H ~  could 
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be generated f o r  every pound of organic  m a t t e r . *  

Process cons idera t ion  

Monfort Gilcrest f eed lo t .  This f a c i l i t y  i s  s i zed  t o  handle 100,000 
c a t t l e  u n i t s  of manure input .  (A c a t t l e  u n i t  is 1 animal of 1000 lbs  
weight). Again a complete desc r ip t ion  of the process (one of  many 
proposed) i s  beyond the  scope of t h i s  repor t  but bas i ca l ly ,  the 
feed-manure is: 

Figure 3 shows a bas i c  f l o w  schematic a s  proposed f o r  the 

1. mixed w i t h  water, 
2 . )  sand and g r i t  removed, 
3.) the  r e s u l t i n g  s l u r r y  i s  heated and 
4 . )  int roduced i n t o  d iges t ion  vesse ls  where d iges t ion  occurs. 
5 . )  Bio-gas removed, H S and CO removed, compressed and sen t  

i n t o  t h e  i n t e r s t a t g  p ipe l ing .  
6.)  Residue removed from diges t ion  vessels , s o l i d s  separated,  

remaining l i qu id  is  admitted t o  ae ra t ion  basin. 
7 . )  The l i q u i d  is aerated allowing aerobic  bac te r i a  t o  grow. 
8 . )  Sol ids  again separated and the remaining l i qu id  remixed 

w i t h  manure. 

P lan t  Performance 

A IOC!,r?r?O ca t t le   nit f a c i l i t y  wndd input 1,200,000 l.bs of 
dry  so l id s  pe r  day t o  t9e p lan t ,  
ves se l s  of 1,000,000 f t  capac i ty  each to  provide the required 
de ten t ion  t q e  f o r  b a c t e r i a l  ac t ion .  Methane generatcjd would be 
3,406,000 f t  /day, a t  a cos t  of $1.60 - $2.00/1000 f t  . The bio- 
gas would be cleaned to  the  ex ten t  necessary and compressed t o  a 
p ipe l ine  pressure o f  850 p s i g  f o r  s a l e .  

The p l an t  w i l l  use 4 d iges to r  

Digestor  Heating 

Judicious use o f  i n su la t ion  and hea t  exchange a re  required i n  
the process t o  keep the ne t  energy requirements a s  low a s  poss ib le .  
A coa l  f i r e d  b o i l e r  w i l l  provide a major i ty  of t he  ne t  d iges to r  
hea t ing  requirement. Augmenting hea t  sources w i l l  be waste heat  of  
compression and s o l a r  energy. A form of f l a t  p l a t e  c o l l e c t o r  using 
d iges to r  e f f l u e n t  as the  hea t ing  medium has been patented and in-  
corporated i n t o  the  system design.  

Capi ta l  Costs 

Bio-Gas of Colorado has been engineer ing on this f a c i l i t y  f o r  
2 years  and our l a t e s t  c a p i t a l  c o s t  estimate shows a $5,500,000 - 
$6,500,000 cos t  f o r  t h i s  f a c i l i t y .  ($1,610 - $1,910 c a p i t a l  cos t  
per  generated MCF) Figures 4 and 5 show c a p i t a l  cos t  f i gu res  fo r  
d iges t ion  systems of var ious sizes as explained on each f igure .  

* On a theo rg t i ca l  bas i s  the  breakgown of 1 l b  of ce l lu lose  would 
y i e l d  7 f t  o f  methane. 4.75 f t  i s  an ac tua l  y i e ld .  
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W e  have b u i l t  s eve ra l  of t he  smaller s i z e s  as  shown on f igu re  4 ,  

Figure 5 is  estimated and assumes cos t s  as  r e l a t ed  t o  an owner- 

and these f igu res  include 40% markup over cos t  f o r  the bu i lde r s .  

operator ,  however, IDC and contingency of 15% are  allowed i n  f i g u r e  5.  
A s  can be seen from 10,000-100,000 c a t t l e  u n i t s  i s  the  l e a s t  s i z e  
s e n s i t i v e  arza on the curve and 40,000-50,000 c a t t l e  u n i t s  would be 
required t o  make the deal" i n t e r e s t i n g  t o  anyone contemplating a 
manure /gas f a c i l i t y .  

Some explanation of construct ion techniques i s  i n  order  t o  
j u s t i f y  f igure 5 .  

The process flow schematic i s  r e l a t i v e l y  simple. The f a c i l i t y  
c o n s i s t s  bas i ca l ly  of l a rge  tanks and lagoons for  holding s l u r r i e s  
and allowing anaerobic and aerobic  bac te r i a  t o  process the m a t e r i a l  
feedstock. 
proper hydraulic detent ion time i s  the f ea tu re  which causes the 
l a r g e s t  increment of c a p i t a l  cos t  i n  the envisioned f a c i l i t y .  
i t i o n a l  sewage p l an t  design r e l i e s  on concrete and/or s t e e l  tanks,  
each custom engineered and f i e l d  e rec t ed .  

A f a c t y r  cost  much reported f o r  these municipal i n s t a l l a t i o n s  
i s  $2.00/ft  of d iges to r  volume. 

I n  the envisioned f a c i l i t y ,  a l l  tanks including the d iges to r  
ves se l s  themselves, the c l a r i f i e r s  and lagoons a r e  a l l  "Hypalon- 
l ined" in-the-ground-trenches, a type of construct ion f inding favor 
i n  more recent waste treatment p ro jec t s .  U s e  of t h i s  type of con- 
s t r c t i o n  has allowed keeping the  t o t a l  c a p i t a l  cos t s  under $2.00/ 
f t  f o r  t h i s  type of f a c i l i t y .  This includes the e x t r a  equipment 
such as  s l u r r y  mixing, gas cleaning and compression, and l i q u i d  
ae ra t ion  t h a t  a municipal f a c i l i t y  would not require .  

The physical  s i z e  of the tanks required t o  allow the  

Trad- 

Conclusions 

It i s  our contention t h a t  a p o t e n t i a l l y  v i ab le  energy producing 
indus t ry  could be operated i n  Colorado and i n  other  a g r i c u l t u r a l l y  
o r i en ted  s t a t e s  f o r  the following main reasons: 

1 . )  Manure i s  ava i l ab le  i n  "commercial" q u a n t i t i e s  i n  a 

2 . )  Today manure i s  ava i l ab le  a t  $2.00/ton o r  l e s s  ($.615 

3 . )  

4 . )  

co l l ec t ed  form. 

- $.705 mi l l i on  BTU). A s  a f u e l  manure today i s  cheaper 
than coal .  
The technology i s  we l l  known t o  convert the energy value 
of manure i n t o  a very des i r ab le  form. 
It appears t he  c o s t  of c a p i t a l  f o r  the canversion 
f a c i l i t y  (under $2,000 per generated MCF) i s  a l s o  
des i r ab le .  
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